Background: Chronic pancreatitis has been shown to have potential benefit in pancreatic resections by reducing postoperative pancreatic fistula. We sought to investigate the impact of chronic pancreatitis on oncologic surgical outcomes.
Introduction
The effects of pancreatitis on fistula formation after pancreatic resection have been presented in numerous studies [1] [2] [3] [4] [5] [6] . Many of these studies have revealed a beneficial component of pancreatitis in providing a firmer parenchyma on which to sew or staple, thereby decreasing the incidence of postoperative fistula. Accordingly, the combination of a small duct and soft gland has been found to be associated with a drastically higher rate of complications relating to the pancreatic duct anastomosis in pancreaticoduodenectomy [4] .
Despite the importance of avoiding pancreatic fistula, the importance of efficacy for oncologic resections is paramount to the patient's long-term outcome. Firm texture and inflammation of the pancreas in the face of chronic pancreatitis can confound accurate assessment of gross tumor margins as well as create increased friability in dissecting adjacent tissue planes [5, 7] . Little data exist specifically examining the role of pancreatitis on oncologic resections.
Given these considerations, we sought to examine the impact of chronic pancreatitis on a cohort of patients undergoing resection for pancreatic malignancy.
Methods
The study was designed as a retrospective review of consecutive partial pancreatectomies performed from July 21, 2005 to July 21, 2011. Operations were performed at a university-affiliated teaching hospital by a single surgeon. Patients with benign or pre-malignant (mucinous cystadenoma, main-duct intraductal papillary mucinous neoplasm) disease were excluded.
Subjects were analyzed in groups based on the presence of chronic pancreatitis in the surgical specimen. Chronic pancreatitis was considered present if indicated on final pathology. Clinical history of pancreatitis was also elicited from the medical record. Variables collected included demographics, co-morbid conditions, surgical details, final diagnosis, need for intraoperative margin re-excision, final margin status, and 30-day postoperative morbidity and mortality. Co-morbidities were categorized by the Charlson Co-Morbidity Index (CCI) [8] . Pancreatic fistulas were graded according to the International Study Group on Pancreatic Fistula (ISGPF) classification [9] . Operatively placed drains were not routinely analyzed for amylase levels, leading to a falsely low reporting of grade A fistulas. Therefore, only grade B & C fistulas were considered. Surgical morbidities were graded by the Clavien-Dindo classification and grade III or higher were included in the analyses concerning overall morbidity [10] . Ductal size was not available for all cases and thus was not used. Small ducts, however, were managed with stents and use of ductal stent is a generalized surrogate marker for duct size in this series. The primary outcome measures were need for margin re-excision and final margin status. Secondary outcome measures were postoperative pancreatic fistula and overall morbidity rates.
Ethics
The study received Institutional Review Board approval prior to data collection, and was performed in accordance with the World Medical Association Declaration of Helsinki -Ethical Principles for Medical Research Involving Human Subjects. Written consent from the patients was waived by the Institutional Review Boards on the grounds of a retrospective review that did not directly benefit or harm the patient other than potential loss of confidentiality. Records were maintained in accordance with privacy standards.
Statistics
Comparisons between groups were made using chi-squared or Fisher's exact test as indicated for categorical variables and the student's t-test for continuous variables. A multivariate logistic regression model was used to account for age, gender, body mass index (BMI), CCI, surgical procedure, method of pancreatic transection, use of ductal stent, and final pathology. Significance was assessed for p<0.05.
Results
Two hundred fifty nine partial pancreatectomies were performed during the study period. One hundred five patients were excluded for benign or premalignant histology leaving 154 patients for review. The population was distributed equally by gender and had few serious comorbidities ( Table 1 ). The majority of patients underwent pancreaticoduodenectomy and the most common diagnosis was pancreatic adenocarcinoma.
N (%)

Age (mean ± SD)
65. Forty-eight patients had evidence of chronic pancreatitis on final pathologic examination. In addition, 13 of these patients (8.4%) had a clinical history of chronic pancreatitis. Comparison between groups yielded no significant differences in presentation or treatment variables (Table 2) . Surgical outcomes are listed in Table 3 . Though the percentage of patients requiring intraoperative re-excision for margins and having final positive margins was higher in the pancreatitis group, these were not statistically significant. The pancreatic fistula rate was 6.5% for the entire cohort and there were no differences between groups. Overall morbidity and mortality rates were 23.4% and 1.3%, respectively, with equal distribution amongst the two groups. Multivariate analysis revealed that the presence of chronic pancreatitis was not associated with worse outcomes for any of the chosen measures (Table 4) . For intraoperative re-excision of margins, however, this was approaching statistical significance. Patients with pancreatic adenocarcinoma were far more likely to have positive final margins than those with peri-ampullary adenocarcinoma, cholangiocarcinoma, or neuroendocrine tumors (OR 6.4, 95% CI 2.1-19.7). 
Discussion
Chronic pancreatitis has been shown to have a protective effect on the development of postoperative pancreatic fistula [4, 5] . Despite this benefit, chronic inflammation may result in difficulty assessing gross margins in patients with malignant pancreatic disease and lead to a more tedious dissection [7] . In this study we analyzed 154 patients who underwent partial pancreatectomy for malignancy and though nearly one-third of patients had chronic pancreatitis, there were no differences in oncologic or standard surgical outcomes associated with this finding.
The primary goal in patients with malignant disease is to achieve an R0 resection to improve survival. This can be complicated in patients with inflammation surrounding the pancreas either from chronic pancreatitis or desmoplastic reaction. Few studies to date have specifically examined the role of chronic pancreatitis in performing oncologic resections. In our study we chose need for intraoperative reexcision of margins and positive final margins as the primary outcome measures. There were no differences in outcome measures between groups based on the presence of chronic pancreatitis, though there was a trend towards increased need for intraoperative re-excision of margins. This is likely related to difficulty in palpating or visualizing normal tissue in the face of inflammatory change and firmer pancreatic parenchyma. Despite this trend there was no difference in final margin status between groups based on the presence of pancreatitis. The only predictive factor for positive margins on final pathology was a diagnosis of pancreatic adenocarcinoma as compared to the other malignancies evaluated. Elevated R1 resection rates have been consistently reported in pancreatic adenocarcinoma and is likely indicative of early metastasis as demonstrated in animal models [11] .
Reports on the rate of postoperative pancreatic fistula have varied greatly. The ISGPF has provided a concise, reproducible definition of pancreatic fistulas, allowing for standardization across studies [9] . The role of pancreatitis on fistula formation has been investigated in both pancreaticoduodenectomy and distal pancreatectomy with varying results. Risk factors for development of postoperative pancreatic fistula include obesity, increased operative blood loss, and sutured closure without main duct ligation, amongst others [6] . In studies demonstrating decreased fistula rates it has been proposed that a firmer parenchyma is protective against fistula formation. The results presented here demonstrate a low pancreatic fistula rate of 6.5%. Additionally, the study was largely comprised of patients undergoing pancreaticoduodenectomy which has been demonstrated to have a lower fistula rate than distal pancreatectomy [6] . With a low fistula rate, there were no differences in postoperative pancreatic fistula observed between patient groups based on the presence of pancreatitis in our study.
In addition to postoperative pancreatic fistula, the effect of chronic pancreatitis on other surgical morbidities is unclear. We defined postoperative morbidities in a consistent fashion using the ClavienDindo classification and found there was no difference in morbidity rates between groups. Additionally, mortality was equal between groups as well. Despite the operative challenges posed by increased chronic inflammation of the pancreas, it appears this has no impact on short-term surgical outcomes.
This study is limited in its analysis by the retrospective design, however, utilizing standardized definitions for postoperative morbidities allowed for reduction of observation bias. Ductal size was not specifically identified for each patient and therefore is not reported. Ductal stents were, in general, used solely in the case of small ducts and this variable serves as a surrogate marker of duct size though is not exact. Long term survival was not examined for this study, though it is unlikely that a significant impact would be seen as there were no differences in margin positivity or short-term outcomes.
Conclusions
In conclusion, 154 patients with pancreatic cancer were investigated to determine the impact of chronic pancreatitis on oncologic outcomes following partial pancreatectomy. There were no differences identified in either need for intraoperative re-excision for positive margins or final margin status. Moreover, postoperative morbidity and mortality rates were equivalent between groups. These data suggest that despite technical challenges involved in performing pancreatic surgery in patients with chronic pancreatitis, successful outcomes can be obtained without sacrificing oncologic efficacy.
